Agriculture (Poľnohospodárstvo), 63, 2017 (2): 67−73 DOI: 10.1515DOI: 10. /agri-2017 A pot experiment was conducted to study the extent of changes occurring in the nutrients, chlorophyll and protein of plants grown in cotton/alfalfa mixed culture as affected by inoculation with indigenous arbuscular mycorrhizal fungi (AMF). The experiment consisted of mycorrhizal treatments (with and without AMF inoculation) and three planting patterns (cotton monoculture, alfalfa monoculture, cotton/alfalfa mixed culture). Arbuscular mycorrhizal (AM) inoculum previously isolated from a rhizospheric soil of cotton, was a mixture of Glomus intraradices, G. viscosum, and G. mosseae. Results showed that total chlorophyll and protein concentrations, and nutrients content were higher in AM cotton plants compared with the non-AM control. Mixed culture had a positive effect on all the above parameters in cotton shoot. The highest values were noted in AM plants in the mixed culture. Improved chemicals and biochemical constituents in cotton led to an increase in dry matter production. The highest dry matter was observed in the AM mixed culture, and was significantly higher by 1.4 times than that of non-AM monoculture.
EFFECT OF ARBUSCULAR MYCORRHIZAL FUNGI ON CHEMICAL CONSTITUENTS IN COTTON/ALFALFA MIXED CULTURE
Sustainable agriculture refers to correct agricultural resource management which it retains environmental quality and capacity of the soil and water resources (Reijntjes et al. 1992) . Legume and non-legume intercropping cultivation has been widely encouraged in sustainable agriculture because it has the potential to allow plants to use soil nitrogen (N) more efficiently and improve the yield (Hauggaard-Nielsen et al. 2009; Gao et al. 2014) . The productivity of agricultural lands can be improved in mixed culture system if the plants that are combined in this system do not compete each other for sunlight, water and nutrients. The plants which have the most differences in the use of resources, are compatible plants in intercropping (Vandermeer 1989) .
Alfalfa is an important forage legume due to its nutritional quality, high protein content and adaptability to soil and climatic conditions (McDonald et al. 1991) . Cotton is a mycotrophic plant (Siqueira et al. 1986 ) in which growth and nutrient uptake is usually increased by arbuscular mycorrhizal fungi (AMF) colonization. In sustainable agriculture, the AMF plays a key role in helping plants to efficiently recycle nutrients and thus remain productive under adverse conditions (Mosse 1986) . AMF support N 2 fixation by legumes through providing plants with phosphorus and other immobile nutrients such as copper and zinc that are essential for N 2 fixation (Clark & Zeto 2000) . The productivity of AM plants may be improved if micronutrient uptake is elevated, resulting in more competitive plants. Micronutrients are involved in biochemical and physiological functions such as biosynthesis of proteins, chlorophyll, and carbohydrate metabolism (Rengel 1999; Parmar et al. 2012) . Also, the photosynthesis is affected by micronutrients through various modes of action. The increase of leaf chlorophyll content improves photo synthesis, and finally, the yield increases (Tilak et al. 1992) . Elevated protein content by mixed culture (Herbert et al. 1984) could indicate the importance of this culture pattern in improving quality of crops.
AMF inoculation of legume/non legume mixed culture and the resulting changes in plant biochemicals and nutrients status, could influence the growth of mixed plants.
The objective of this research was to study the effect of inoculation with indigenous AMF on some chemical and biochemical constituents in cotton (main crop) and alfalfa (associated crop) plants grown in mono and mixed culture.
MATERIAL AND METHODS
The experiment was conducted during the summer season 2012 at Der-Alhajar research Station, southeast of Damascus, Syria (33°21' N, 36°28' E). The area is located within an arid region in which the total annual precipitation (in winter) is 120 mm. The average minimum temperature in winter is 1.3°C in January, increasing to an average of 36°C during August. Plastic pots were filled with 7 kg of dry topsoil (0-25 cm) collected from the field which had been planted with alfalfa. The soil was sandy clay with pH of 7.6, and contained 10.1 g/kg of organic matter, 0.9 g/kg of total N, 13.3 mg/kg of available N, 11.8 mg/kg of available P.
AM inoculum preparation
The arbuscular mycorrhizal inoculum including Glomus intraradices (Schenck & Smith), G. viscosum (Nicolson) , and G. mosseae (Nicol. & Gerd.) Gerd. & Trappe, was previously isolated from a rhizospheric soil of cotton (Ibrahim 2010) . For propagating AMF, pot-cultures were established by mixing original soil samples with sterilized sand as a substrate for growth of onion (Allium cepa L.) as the trap plant. Pot-cultures were conducted during two successive cycles of 4 months. The substrate containing onion root fragments, mycelium and spores were air dried and used as inoculum. The number of infective propagules in the inoculum was done by employing the most-probable-number technique (Sieverding 1991) . The inoculum contained 560 propagules per 100 g of substrate.
Planting procedures
Seeds of cotton (Gossypium hirsutum L. Aleppo 33/1) and alfalfa (Medicago sativa L.) were surface sterilized by immersion in 20% NaOCl for 1 min before sowing. Five seeds of alfalfa and three seed of cotton were sown per pot. Half of the pots received the AM inoculum (100 g per pot) by layering at 10 cm depth of the pots at the time of sowing. Because of very low number of AM propagules in soil, soil for non-AM plants was not pasteurized. Each non-inoculated pot received the same amount of sterilized AM inoculum. Because abundant nodules have been previously observed on the roots of alfalfa grown at the field from which the soil was collected, the seeds were not inoculated with rhizobium. After emergence, the alfalfa seedlings were thinned to three plants per pot and the cotton seedling were thinned to one plant per pot. Plants were watered as needed until sampling date.
Experiment design and treatments
The experiment was designed into a randomized complete block design with four replicates. The experiment consisted of two treatments of mycorrhiza (with and without) and three planting patterns (cotton monoculture, alfalfa monoculture, cotton-alfalfa mixed culture). The experiment involved six treatments: (i) cotton monoculture, (ii) cotton monoculture with AMF, (iii) alfalfa monoculture, (iv) alfalfa monoculture with AMF, (v) cotton/alfalfa mixed culture, and (vi) cotton/alfalfa mixed culture with AMF.
Determination of chlorophyll concentration
To determine the concentrations of chlorophyll a (Chl a), chlorophyll b (Chl b), and total chlorophyll in cotton leaves, discs (100 mg) were cut from the upper-most fully expanded leaves randomly selected from three plants of each treatment. Discs were macerated in 5 mL acetone (80%) for 24 h. The absorbance of the pooled extracts was measured at 663 and 645 nm using a spectrophotometer (Thermo Spectronic, UK). The concentrations of Chl a, Chl b, and total chlorophyll were determined using the equations of Arnon (1949) .
Plant sampling and analysis
All plants were sampled by cutting stems at soil level. Plants of both species were sampled at the flowering stage of cotton. Above-ground biomass was measured after drying to a constant weight at 70°C. Crude protein was estimated by multiplying 6.25 by total N which was measured using micro-Kejeldahl method. Ca, K, Fe, Zn, Cu, and Mn were determined by X-ray fluorescence (XRF) (Khuder et al. 2009 ). The determination of phosphorus was based on the colorimetric method first proposed by Misson (1908) using spectrophotometer (ThermoSpectronic, UK).
Determination of mycorrhizal colonization
Roots samples were rinsed, cut into 1 cm fragments, totally mixed, cleared with KOH and stained with acid fuchsine in lactoglycerol. The percentage of root colonization was determined microscopically using a gridline intercept method (Giovannetti & Mosse 1980) .
Statistical Analysis
The data were analysed by the analysis of variance (ANOVA) using SAS program (SAS Institute Inc, 2004) , and means were compared by the least significant difference (Fisher's PLSD) test at a confidence level of 5%.
RESULTS

Mycorrhizal colonization
Root colonization by AMF occurred in all treatments including non-inoculated plants (Table 1) . The latter plants showed a low colonization level (less than 2%). Percent AMF colonization of cotton was significantly increased when plants were grown in mixed culture ( Table 1 ). The root colonization was 33.8 and 35.5% in mono and mixed culture, respectively.
Chlorophyll and crude protein concentrations
The effects of AMF and pattern of culture were significant on cotton chlorophyll a and total chlorophyll concentration (Table 1 ). Higher concentrations of chlorophyll a and total chlorophyll were observed in AM plants compared to non-AM plants. Also, the concentrations of chlorophyll a and total chlorophyll were higher in mixed culture than that of monoculture regardless of AMF inoculation. The maximum chlorophyll value was obtained in AM mixed culture with mean of 9.93, and 14.3 mg/g fresh matter for chlorophyll a and total chlorophyll, respec-T a b l e 1 Effect of AMF and planting pattern on AMF colonization, above ground dry matter (DM), crude protein and chlorophyll (a, b, total) concentrations, and chlorophyll ratio a/b
Planting pattern AMF inoculation (Table 1) . Chlorophyll ratio a:b decreased in AM plants grown in mixed culture (Table 1) . AM mixed culture showed higher concentrations of crude protein in comparison with the other treatments (Table 1 ). Higher protein concentration was observed in alfalfa compared to that in cotton in all treatments. The maximum protein values were observed in AM mixed culture with mean of 20.33 and 13.51 mg/g in alfalfa and cotton, respectively (Table 1) .
Cotton and alfalfa shoot dry matter AMF inoculation increased significantly shoot dry matter of cotton regard less of culture pattern (Table 1) . Cotton shoot dry matter in the mixed culture was significantly higher than that of monoculture whether inoculated or not. The highest shoot dry matter of cotton was observed in the AM mixed culture, and was significantly higher by 1.4 times than that of non-AM monoculture treatment (Table 1) . AMF also significantly improved the dry matter of the alfalfa shoots compared to the non-AM treatments (Table 1) . Alfalfa dry matter was significantly higher by 0.8 times in AM mixed culture than that of non-AM monoculture.
P, K, Ca and selected micronutrients content
AMF produced significant increase in P content of cotton and alfalfa regardless of culture pattern (Table 2) . Also, AMF inoculation increased the content of K, Ca, Mn, Fe, Cu, and Zn in shoot of cotton and alfalfa in both monoculture and mixed culture (Table 2) . Mixed culture increased all selected nutrients content in cotton shoot. The highest values were observed in the AM mixed culture (Table 2) . In contrast, K, Ca and selected micronutrients content in alfalfa shoot decreased in AM mixed culture compared to AM monoculture (Table 2 ).
DISCUSSION
The colonization rate achieved by AMF, might indicate adaptation of the indigenous fungi to their native soils in the sense of benefiting their hosts best under these given soil conditions. Numerous researches showed that AMF differ in their ability to inoculate particular plant species and that AMF tend to exhibit the highest response in their soils of origin (Bohrer et al. 2003; Klironomos et al. 2003) . The present study showed that AMF colonization was increased when cotton plants were grown in mixed culture. This result agrees with that of Derelle et al. (2015) who showed a positive influence of mixed cultures on AMF root colonization compared with monoculture. Effect of AMF and planting pattern on nutrients content in cotton and alfalfa shoot Higher P content in AM plants observed in this study, agrees with earlier studies (Smith & Read 1997; Clark & Zeto 2000) . AMF might increase P acquisition of plant by enhanced exploration of soil P not available to plant roots by the external mycelium, and increase P solubilisation by AM root exudates which resulted in an increase in P content of soils. The ability of AMF to increase plants uptake of Cu, Mn, Zn and Fe is well documented (Liu et al. 1994; Ibrahim 2010) . The increase in micronutrients absorption might be due to a better exploration of the soil by the AM hyphae and to a greater P and water uptake of AM plants (Davies et al. 2005; Smith & Read 2008) . On the other hand, AMF tend to produce more CO 2 in the rhizosphere soil (Mohammad et al. 2005) , causing an decrease in soil pH and eventually the availability of nutrients. Higher nutrients content achieved by mixed culture compared to monoculture, may indicate that the mixed culture used plant growth resources more efficiently than sole crop (Fukai & Trenbath 1993) . The decrease in selected nutrients content in alfalfa compared to cotton was partly a reflection of differences in dry matter. Plants facilitation and/or competition may depend on the identity and diversity of AMF species (Walder et al. 2012) , the size and age of the plants (van der Heijden & Horton 2009), and the supply levels of important nutrients. Higher nutrients content in cotton may indicate that cotton can be more competitive than alfalfa in soils where nutrients availability is reduced. The higher competitive ability might be due to the greater root length of cotton and faster root growth compared to alfalfa. The complementarity resource use between cotton and alfalfa could be enforced by AMF resulting in competitive enhancement of AM cotton. The lower nutrients contents in mixed alfalfa could be due to the decrease in the nutrients concentrations in the rhizosphere of alfalfa plants, leading to markedly decreased content in tissues.
The chlorophyll content in a plant depends on the ability of nitrogen adsorption by the plant, and this is considered an important factor in farm management (Jongschaap & Booij 2004) . In the present study, the increase in chlorophyll concentration of cotton leaf in mixed culture compared to monoculture could be attributed to the increase in nitrogen fixation by alfalfa and to higher usage of available nitrogen in the soil. Many studies showed higher leaf chlorophyll content in the intercropping than monoculture (Tsubo et al. 2005; Ghosh et al. 2006) . According to Ghosh et al. (2006) , the higher chlorophyll content of sorghum leaf in intercropping of soybean/sorghum was attributed to the overcast of plants on each other and nitrogen fixation by legume in intercropping. On the other hand, improved micronutrients uptake play an important role in biosynthesis of chlorophyll, proteins and secondary metabolites (Rengel 1999; Subramanian et al. 2009; Parmar et al. 2012) . Also, providing legume with P and other immobile nutrients could support nitrogen fixation of legume (Clark & Zeto 2000) . Therefore, the transfer of fixed N to cotton may contribute improvement of chlorophyll content in cotton. Decreased chlorophyll ratio a:b in AM mixed culture was due to increase of chlorophyll b, which might be due to increased plants shading on one another. Under the shade conditions, plants tend to increase their content of chlorophyll to trap more light.
It seems that AMF has a role in increasing the availability of cotton to nitrogen sources and increasing the protein concentration. Increased protein concentration in mixed culture is in agreement with the results of Herbert et al. (1984) and Najafi et al. (2013) who showed that protein content were higher in mixed compared to monoculture. Fixing of atmospheric nitrogen by alfalfa and its transfer to cotton can increase protein in the mixed culture. Many researches showed that the fixed nitrogen is transferred to intercrop (Xiao et al. 2004; Wahbi et al. 2016) . Both nitrogen transfer (fixed nitrogen and residual nitrogen) can reduce the cost of the nitrogen supply in legume-based intercropping different systems (Willy 1990 ). Increased crude protein by AM mixed culture indicates the importance of this culture pattern in improving quality of alfalfa as animal feed. The dry matter weight of cotton grown in mixed culture was greater than monoculture. Experimental results obtained by Kulandaivel et al. (2001) reported that dry matter production of cotton was significantly higher in cotton/blackgram intercropping than sole cropping. Highest cotton dry matter values found in AM mixed culture is in agreement with the results of Pellegrino and Bedini (2014) . This may be attributed to the improvement of nutrient uptake (Jia et al. 2004) . Improving uptake of micronutrients by AMF could induce plant chlorophyll content and photosynthesis, and consequently, increase biomass production (Tilak et al. 1992) .
CONCLUSIONS
The results clearly showed that the application of AMF in cotton/alfalfa mixed culture had a positive effect on the chemicals and biochemical constituents in cotton shoot. Enhanced chlorophyll and protein concentration of AM cotton plants can be attributed to enhanced mineral nutrition by AMF and the effect of alfalfa on nitrogen status in cotton. Improved chemicals and biochemical constituents in cotton led to an increase in the dry matter production.
